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RESEARCH SUMMARY 
Because of recurrent depredations by the mountain 
pi ne beetle in lodgepole pi ne. managers have less 
than a 50 percent c hance o f growing lodgepole pine to 
16-inch diameters in mos t stands. Th is paper 
describes a Rate of Loss Model that estimates the 
amount of tree and vo lume loss per year and the 
longevi ty of the infestation. and shows how the model 
can be incorporated into lorest planning. The model 
assumes opti mum condit ions for the life of an 
epidemic. However, actual fie ld condi t ions can cause 
bee tle populat ions to deviate Irom predic tions causing 
a bit o f overestiMat ion. w hich is not considered 
serious in most infes tation cases. 
The model predictions. based on 2-inch diameter 
c lasses as populations. are further mod ified by habitat 
type. The CI2.ssification provides the framework essen-
tia l lor o rganizing informat ion to selec t alterna t ive 
management ac t ivit ies for habitat types. The Rate of 
Loss Model has been integrated with the Insec t and 
Disease Damage Survey (INDIOS) model s 10 esti mate 
mortality trends for stands with ongoing mortality or 
to obtain loss est imates by diameter c lass over in-
festation time for green stands. should they become 
infested. 
One approach to modeling tree mortality caused by 
the mountain pine bee lie uses FORPLAN to predic t 
susceptib le areas within analysis areas, which one 
would be affected. and the expected mortality over 
two decades. Or. when stands within analysis areas 
are identified through timber or stand exam surveys. 
bee tle attack may then be si mulated by a " prescrip· 
ti on" that shows the effec ts of an epidemic in the 
absence of timber management. 
The model has been verified using some 2.500 
stands in the Fores t Service's No rthern Region. By us· 
ing assessments from FORPLAN and harvesting in 
high-hazard. susceptible stands before an epidemic 
develops. land managers should be able to minimize 
tree mortality caused by the beetle. 
Estimating the Rate and 
Amount of Tree Loss 
from Mountain Pine 
Beetle Infestations 
INTRODUCTION 
Walter E. Cole 
Mark D. McGregor 
Because of recurrent. depreda t ions by the mountain 
pine beetle IDendroC.'ionu s potlderosae Hopk.) in the In-
termountain Wes t. managers have less than a 50 percent 
chance of growing lodgepole pine to 16·inch (40.6·em) 
d iameters in most stands and . in some cases , less t han 
21) percent chance (Roe and Amman (970). Consequently. 
forest managers commonly ask two questions: .. ' Vhich of 
the lodgepole pine slands are most suscept ible to the 
mountain pine beet le?" and " How many t rees will I lose 
if t he stand becomes infested with the beet le?" The first 
quest ion is addressed in previously publi:;hed manage-
ment gu idelines (Amman and others 1977 : Cole and 
Cahill 1976). Answers to the second ques tion depend on 
the rate of loss from an infes tation. This paper describes 
a model that estimates the amount of t ree and volume 
loss per year and the longevi ty of t he infestation. and 
s hows how t he model can be incorporated into forest 
plan n;ng. 
BACKGROUND 
Most models for epidemic processes are based on 
continuous- infection assumption and t rea t epidemics in a 
fully probabi lis tic manner. and most of the processes 
considered are diseases. The continuous-infec tion concept 
assumes that an individual (the host tree) can be infec· 
tious from the moment it receives the infection (the bee-
t le) iJ ntil it dies. recovers. or is removed. This clearly is 
not t he case with the mountain pine beetle. The moun ' 
t .in pine beet le has a discrete generation and discrete 
stages of growth. and its epidemic behavior does not £i t 
the conti nuous·infection assumpt ions. 
An alternat ive to the cont inuous- infection assumpt ion 
was established by Reed and Fros t in 1928 (A bbey 1952) 
and by Greenwood (193 1). They pos tula ted t hat the 
period of infectiousness is comparatively short . and the 
latent and incubation periods are constant lBailey 1957) . 
This alternative assumption appears to fi t the epidemic 
behavior of the mounta in pine beetle and amount of tree 
loss. In lodgepole pine stands in the In termountain 
West. the period of infesting a t ree lbeet le attack) is fair-
ly short (approximately 1 day for one tree and up to 4 to 
6 weeks within a standi. t he latent period is the t ime 
beetle development takes place withou t t he emission of 
any infectious material (brood development). and the in-
cubation period is t he elapsed time between the receipt 
of the infection and the appearance of symptoms (time 
between attack and foli age discoloration). Both t he la· 
tent and incubation periods can be considered constant 
in relation to t he life cycle of the beetle and t ree fade. 
A first approximation model considers the latent and 
incubation periods as constant. the period of infec-
tiousness as reduced to a single point . and a single at· 
tack as conferring immunity. At each stage in t he 
epidemic. t here are specific numbers of infec ti ves and 
s~scepti~les: It is rl;:asonable to assume t hat t he suscep' 
tlbles will Yield a fresh crop of cases distributed in a 
binC?mial series at the next s tage. This then crea tes a 
chain of binomial distributions: the actual probability of 
a new infec tion at any st ate depends on the numbers of 
infec tives and suscept ibles at the previous stage. 
If we begin with one infested tree within a s tand. or 
poss ibly several simult aneously infested tree~. t he in-
fes tat ion will spread in a series of st ages. as each new 
generation of adult beetles attacks living green t rees. If 
t he stand of t rees is suita ble for successful infestat ion. 
we expect the number of t rees killed a t any stage to 
have a binomial dis tribu tion based upon num bers of 
susceptible and infested t rees. Therefore. t hroughout t he 
course of a mountain pine beetle epidemic. we have a 
chain of binomial distributions. The probability of a tree 
becoming infes ted at any generation depends upon t he 
O1.H~bers of infested trees and susceptible green t rees 
du rtng the preceding generation of beetles. 
Therefore. an epidemiC started in a lodgepole pine 
stand by a single infested tree. or by several trees 
becoming infested simultaneously. will continue in a 
series of s tages Igenerations of beetles) un t il eit her no 
more beetles are left to attack green. large diameter 
t rees or no more gr'een t rees are left to be attacked. In 
each stage of the epidemic (each generation of beetles ). 
there will be a specific number of infes ted trees and a 
specific number of susceptibles. The susceptibles can be 
?ttacked by a new generation of beetles. and the newly 
tn fested trees will be di stributed in a hinomial series. 
Thus. the chain of binomial distri butions begins. 
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The assumptions underlying models based on ci i<;c ;-;:tc 
time usually consider all susceptible and infe~ted in-
di viduals to be mixed together homogeneously. Th is 
pituation is most nearly represented by small groups of 
t rees but does not hold for la r~e s tands. However. in · 
cubation and latent periods are not variaLle. and the in-
festi ng of a t ree can be considered as a relatively s hort 
period of t ime. As this model was refined. habiLllt type 
and volume yield fac tors were included. These factors 
govern t ree and stand s uscepti bility and a ffet;t the life 
processes of beet le populations. 
One important problem with the chajn binomial model 
is that substanti al departu res from t he assumpt ions of 
constant incuba tion and latent period.c; and a very short 
infectious period would invalidate t he model. Another 
prob lem is failu re to properly identify t he ::I'lks of the 
chain. Howe\'er, if a highly variable incubation period oc· 
curs. or the symptoms cannot be identi fied correct ly. 
there is s t ill an alternative- to base our analysis on t he 
total nu mber of cases occurring during the course of the 
epidemic. Some precision is lost when the parameters arc 
es t imated. However. if the number infested is large. fre-
quencies based on this number can be calculated directly 
and will probably be more accurate than those derived 
from the probabil ities of the ind ividual chains. 
THE RATE OF LOSS MODEL 
If p is t he probability of a t ree becoming infested in a 
given t ime interval. then q = I - P is the probab ili ty of 
a tree not becoming infested . The probabili ty of a t ree 
becomi ng infested depends on t he susceptibility or 
resistar,ce of the t ree. t he in festiv ity of t he beetle. the 
length of at tack period. and the size of the attacking 
beet le populat ion. as well as the environmental condi · 
t ions of t he stand. 
If Ot is the number of t rees infested at t ime t. t hen 
qUt is t he probability that. a sp~ i fied tree will not be in-
fes ted. and I _q lll is the probability that the t ree will be 
infes ted. If t here a re G t green trees capable of being in-
fes ted in the population at t ime t. the expected number 
of infested trees prod uced at the t ime t + I is G times 
t l1(' probability of at least one t ree being infes ted: Or: 
Ot" = GI ( I - qUdnnd G I ., = Glq UI . 
This equat ion provides a method of s tepwise calculation 
of t rees infes ted at successive time periods as shown in 
tab le I . 
If G1 = O. all the t rees are dead - no more susceptible 
trees are left-and t he epidemic subside!' due to food 
depleti? n. If Ot = 0, there are no more trees successfully 
prodUCing beetles- and t he epidemic subsides. 
The Green.wood model postulates t hat t he probability 
of a suscepLtble tree being infested is a constan t and is 
not related to the number of infes ted trees. In other 
words. a su~n'pt ibb t ree in a s tand w.: h one infested 
tree is as likt'ly to he at tacked as the same t ree sur-
rounded by many infested trees. Th is is obviously not 
the case. Thus. we adopted the Reed· Frost model for 
suscept ibil ity because it accounts for t he increase in in· 
fes tation pressure due to t he number of infested t rees. 
I n the Reed-Frost model. t he probab ility of a t ree not 
being infested from only one source is taken to be a con· 
s tant. q. The probabili ty of not being infes ted from two 
~o~ rces is thus Iq ) (ql . and consequent ly from n sources 
It IS q n. 
The value of q. the probabili ty of a tree not being in· 
fested. from one source. can be calculated by solving t he 
equation of Gt H for q. This yields: 
q = (Gt f ,IGtII1 /D tl 
Theoret ically . q will be a constan t. bu t t he real world 
is never constant. Thus the q for t ime t Iq ) varies slig ht-
ly with t. and may be determined for each \ ime interval . 
However. we found a closer prediction of Dt t I was ob-
tained if several values for qt were calculated. and q was 
estimated by ql for several s tands. We also found tha t 
prec ision of pred iction increased wit h decreasing size of 
diameter classes. Estimates of t ree mortality over t ime 
a~proximated tr~e losses more closely when predic ted by 
2-lOch (S. I-cm) diameter classes t han by larger di ameter 
classes. 
Table 1.-Calcula tion of a theoretical epidemic from the Reed·Frost 
model (p == O.S} 
Time 
period 
Number 
of dead 
trees 
21 
49 
23 
AVAILABLE 
Number of 
susceptible 
trees 
Calculation of D ' I I and G1 ' 1 
100 0 1 := 100 (1 - 0.95) = 5.00 := 5 
G, = 100 - 5 = 95 
95 
74 
25 
O2 = 95 (1 - 0.955) = 21.49 = 2 1 
G1 = 95 - 21 = 74 
03 := 74 (1 - 0.95"1) = 48.80 = 29 
G3 = 74 - 49 = 25 
O. := 25 II - 0.95·9) := 22.97 = 23 
G.=25 - 2:)=2 
0 5 = 2 (1 - 0.9513) = 1.39 = I 
G5 = 2 - 1 = 1 
06 = 1 (1 - 0.95 1) = 0.05 = 0 
G6 =1-0= 1 
For high q values. peak mortality tended to be 
overestimated. By the third year. q usually becomes 
small due to t he " high-grading" .... t:tion of the beetle in 
thinning a stand. resu lting in greater overestimation of 
t ree mortality. However. the critical time during an in· 
feslalion by the mountain pine beetle is at the point of 
change from endemic to epidemic. The value q applied to 
the laq;£lr diameter trees forecasts t he pending infesta· 
tion adequately in sp ite of the tendency toward 
overestimation. 
The model assumes optimum conditions for the life of 
t he epidemic. Howe-ver. actual field conditions can cause 
beetle populations to deviate from predictions. 
Overestimation of tree mortality is not considered 
serious in most cases. particularly in the larger diameter 
classes. Epidemics usually begin in larger diameter trees 
preferred by the mountain pine beetle. and the rate of 
• tree loss within these classes is en tical. Thus. any factor 
that affects brood survivaJ Isuch as thick phloem (food 
supply). which is correlated with larger diameters) will 
affect t he rate of tree loss and. in turn. successive 
generations. 
Dispersion of the beetle is also affected by stand 
characteristics such as species. age. stocking levels. 
growth rates. and diameter class di stribution; and by 
site characteristics. including habitat type. soils. eleva-
tion . slope. and aspect. During the past decade the 
system of environmental classification by habita t type 
developed by Daubenmi re for t he Northern Rocky ivloun· 
tain Forest Ecosystem has gained increasing acceptam:e 
in other areae; of t he West. This concept st resses use of 
the enti re climax plant communi ty as an envi ronmental 
indicator that permits identification of envi ronments 
(habitats) with similar biotic potentials. All en-
vironments (habitatsl with the potential to support ap· 
proximately the same mix of stable (climax) plant 
species nre considered to be wi t hi n t he same hahit"t 
type regardless of successional sta tus of the vegetation. 
Recen t data from the Forest Service Northern Region 
show that the ex tent of lodgepole pine mortality caused 
by the mountain pine beetle varies by habitat type 
group. and by habita t type within groups. This type of 
classifica tion provides the framework essent ial for 
organizing information to select alternative management 
activities for habitat types. 
MODEL TESTS AND REFINEMENT 
Data from a mountain pine beetle infestation in the 
Bechler River Drainage of Yf>llowstone National Park 
(Klein and others 1978) were used to predict tree loss by 
2-inch IS. I-cm) diameter classes (situation A. table 2; fi g. 
I). Trees were a)so grouped by 6· to 12-inch (1 5.2- to 
30.S-cm). 14- to 16·inch (35.6· to 40.6-cm). greater than 
U;-inch (40.6-cm) diameters. and total s tand (table 3: fig. 
2 and 3). 
Ta ble 2.-Predic ted versus observed tree loss by year based on iii' the average probability of tree loss by 2 · inch (S. ' -.:m) tree 
diameter class (Si fI. J liOf' A. Klein and others '978) 
Number of trees 
Diameler Yea r of per acre Predicted 
class Infestation Green Oead 1101 q, tree loss 
6·inch 79.8 0.3 3.333 0.9875 0.14 
(15.2·cm) 79.5 0 0 1.0000 0 
79.5 .3 3.333 .9857 .14 
79.2 2.1 .476 .9873 .99 
77. ~ 0 0 1.0000 0 
77.1 0 0 1.0000 0 
77.1 0 0 0 
Tolal loss: 2T Average: -:9937 ~ 
(6.751ha) (3.1751ha) 
8·inch 62.7 .8 1.250 0.984 0.90 
(20.3·cm) 61.9 .8 1.250 .984 .89 
61 .1 2.7 .370 .983 2.92 
58.4 8.1 .120 .982 7.99 
50.3 .7 1.430 .980 .63 
49.6 , 2.000 .980 .63 
49.1 0 0 0 
Total loss: 13:6 Average: -:9'82 13:96 
(34.OIha) (34.9Iha) 
10·lnch 38.8 0.8 1.250 0.974 1.09 
(25.4·em) 38.0 1.1 .909 .974 1.46 
36.9 3.9 .256 .972 4.79 
33.0 10.6 .0943 .964 10.38 
22.4 1.4 .714 .955 1.09 
21.0 .6 1.667 .953 .44 
20.4 .2 5.000 .14 
20.2 0 0 0 
Tolalloss: 18:6 Average: -:oos 19.39 
(46.5Iha) (48. 475/tla) 
12·inch 17.0 0.6 1.667 0.942 0.95 
(30.5·em) 16.4 1.3 .769 .938 1.91 
15.1 2.8 .357 .932 3.54 
12.3 4.2 .238 .902 4.06 
8.1 1.2 .833 .875 .88 
6.9 .2 5.000 .663 .13 
6.7 .1 10.000 .64 
6.6 0 0 0 
Totat loss: ~ Average: ~ ~ 
(l6.OIha) (29.675Iha) 
, -. . -- ...... ·- r ~~ 
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Table 2.- con 
Diameter 
class 
14·inch 
(35.6·cm) 
16·inch 
(40 6·cm) 
> 16·inch 
( > 40.6-cm) 
Total 
Year 01 
in lastalion 
Number 01 trees 
per acre 
Green Dead 
8.0 0.4 
7." 1.2 
6.4 2.2 
4.2 2.0 
2.2 .4 
1.8 .2 
1.6 0 
Total loss: 6.4 
(16.0Iha) 
2.1 0.3 
1.8 .3 
1.5 .7 
.8 .J 
.5 .2 
.3 .1 
.2 0 
Tota l loss: --rg 
(4.75Iha) 
2.0 0.3 
1.7 .4 
1.3 .9 
.4 .1 
.3 .2 
.1 0 
.1 0 
Tota l loss: --;:g 
(4.75Iha) 
211 .0 3.0 
208.0 5.0 
203.0 14.0 
189.0 27.0 
162.0 4.0 
158.0 2.0 
156.0 1.0 
155.0 __ 0 _ _ 
Total loss: 56.0 (140.0Iha) 
HOI 
2.500 
.833 
.454 
.500 
2.500 
5.000 
0 
Average: 
3.333 
3.333 
1.429 
3.333 
5.000 
10.000 
0 
Average: 
3.333 
2.500 
1.111 
10.000 
5.000 
0 
Average: 
Average: 
Predicted 
q, tree loss 
0.880 0.89 
.867 2.28 
.826 3.07 
.724 1.88 
.606 .25 
.55 . 10 
0 
---:743 ""8.47" 
(21 . 175fha) 
0.598 0.624 
5.45 .534 
.407 .84 1 
.20~ .238 
.078 .105 
.017 .033 
0 
--:309 ~ 
(5.925Iha) 
0.582 0.63 
.511 .67 
.270 .88 
.056 .05 
.004 .06 
0 0 
285 
0 
-ug-
(5.725fha) 
J 5.2 
7.7 
16.2 
15.6 
3.0 
1.3 
.2 
0 
-:753 ~ 
(l48.0lha) 
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Figure I.- Predicted versus observed tree loss by 
year based on Q/ by 2·inch tree diameter ctass 
(Situation A. Klein and others 197B). 
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Table 3.-Predicted versus observed tree loss by year based on if" the average probability of tree loss. by tree diameter 
class and stand (Situation A. Klein and others 1978, grouped by greater diameter spread) 
Diameter 
class 
6,12 inch 
115.2·30,!'j·cm) 
14·16 inch 
(35.6·40.6-cm) 
> 16·i nch 
I >40.6·cm) 
Year 01 
infesta llon 
Number of trees 
per acre 
Green Dead 
198.3 2.5 
196.8 3.2 
193.6 9.7 
183.9 25.0 
158.9 3.3 
155.6 1.3 
154.3 .3 
154.0 0 
Total loss: "'44.3 
(110.751ha) 
12.1 1.0 
11.1 1.9 
9.2 3.8 
5.' 2.' 
3.0 .8 
2.2 .3 
1.9 0 
Tolal loss: """'i'D.2 
(25.5Iha) 
' . 1 0.6 
3.5 .7 
2.8 1.6 
1.2 . 
.8 
.' 
. . 
.3 _ 0 _ 
Total loss: 3.8 
(9.51ha) 
Predicted 
110 1 q, tree loss 
0.4000 0.997 2.5 
.3125 .995 3.1 
.103 .995 9.2 
.0'0 .99' 21.7 
.303 .99' 2.6 
.769 .994 1.0 
3.333 0 .2 
0 
Average: ---:99s 40:3 
(100.751ha) 
1.000 0.917 2.5 
.526 .906 3.9 
.263 .869 5A 
.416 .783 2.3 
1.250 .679 .5 
3.333 .613 .15 
0 0 _0_ 
Average: ---:794 14.8 
(37.OIha) 
1.667 0.768 1.6 
1.429 .727 1.7 
.625 .589 2.0 
2.5OC .363 .3 
2.500 .177 .2 
10.000 .056 .03 
0 _ 0 __ _0 _ 
Average: .447 5.9 
(14.751ha) 
l' 
10 
16 
11 
~ 
~ 
0 
~ 
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Situation A 
Figure 2.-Predicted versus ob·servnd tree loss by 
year based on Q,. by grouped 'ree ciameler 
c/asse::. and to lal stand (Sit uation A Klein and 
others 1918). 
" 
Att'r~\ 
,([AR 
Figure 3. - Predicted versw; ob· 
served tree loss by year for total 
stand based on q, (Situation A. 
Klein and others 1918). 
The second data set came from a mountain pine beet le 
infest ation in the GaJlatin Ri ver Drainage. and W:lS used 
only for total t ree loss. because the data were not 
originally taken by diameter classes (situation BI. Tree 
loss over time did not fall into the usuaJ bell·shaped pat· 
tern . yet the predicted tree loss approximated the actual 
double- peaked curve Itable 4; fig. 41 (Burnell 1977). 
Answers to the questions. " Which of t he lodgepole 
pine stands are the most susceptible to mountain pine 
beetle outbreak development?" and " How many trees 
will the manager lose if the stand becomes infested? " de-
pend upon risk. A definit ion of risk has two part s: n) 
probabili ty of an outbreak within a set time period, and 
(2) expec ted loss in the advent of an outbreak (Safrnnyik 
1982). Reliable methods are not available to pred ict 
when an outbreak will develop. but we can predict the 
most susceptib le stands and also forecast stand deple-
tion in terms of stand structure should an epidemic oc· 
cur. To date. six risk-rating systems have been 
developed t hat are based on cl imatic and tree/stand 
variables having a major effect on beetle surv ival and 
dist ribution. Rate of spread could be considl'red using 
historic aJ maps (fig. 51 or mathematicaJ models based on 
habitat type. 
Table 4.- Predlcted versus observed tree lOSS by year based on Q" the average probabI lity of tree 
loss by Iree diameler class and stand (Situation B, Burnell 1977. grouped by total s tand) 
Year of 
infestation 
Number of trees 
per acre 
Green Dead HOt 
370.2 3.6 0.278 
366.6 .8 1.250 
365.8 19.5 .0513 
346.3 16.4 .0609 
329.9 77.8 .0 128 
252. 1 31 .8 .0315 
220.3 10.3 .0971 
210.0 0 0 
Tol al loss: 160.2 Average: 
1400.5103) 
110 All ~iameters 
r' 100 I \ 
90 I \ 
I \ 
80 I \ 
70 I 
I 
~ 60 I g 
~ I ~ <' 50 ~ 
I 
<10 I 
r, I 30 V 
Figure 4.-Predic ted versus ob· 
served tree toss by year based on 
q t. by tree diameter c lass, grouped 
and total stand (Situation B. 
Burnell 191n. 
YEAR 
Predicted 
q, tree loss 
0.997 6.6 
.997 1.5 
.997 34. 1 
.997 27.3 
.999 106.5 
.992 37.1 
.987 11 .1 
0 0 
----:995 ~ 
1560.5Iha) 
1 972 
1978 
Figure 5. - Chronology of mountain pine bee tle infesta· 
tlons, Glacier Na.lonal Park and Blackfee t Indian Reser· 
vation, Mont. 1972· 1980. (McGregor and others 1982) 
10 
1 9 75 
1 
N 
GLAC IER NATIONAL PAR K 
MONT A N A 
19 80 
Historical maps are useful in areas that have suffered 
repeated severe outbreaks where remaining stands can 
be hazard rated. Through forest inventory and survey 
data. forest cover types can be delineated showing 
mature. overmature. pole. and reproduction-size stands. 
When location and stand composition are known. maps 
can be composed depicting susceptible stands. These 
maps provide a rough hazard rating over large areas. 
which managers can use to initiate strategies to prevent 
future infestations or to salvage logs and reduce fuel 
loads in s tands devastated by the mountain pine beetle. 
Usually managers can expect that another epidemic will 
begin within 20 to 40 years. when remaining trees reach 
!;)ze classes with phloem thickness conducive to a 
population buildup (Amman 1975). However. this 
depends on characteristics of stands and how soon 
residual trees become susceptible; and it is likely that in-
festation recurrence will be prolonged in managed 
stands. Historical maps. timber type maps. and timber in-
ventory surveys can provide the basis for hazard rating 
stands. The ratings can be in very broad. but also ex-
tremely accurate. categories (McGregor 1982). However. 
significant differences occur within areas rated high 
11 
hazard as to the amount and rate at which mortality 
develops. peaks. and subsides in various stands. 
Relating mortality with habitat type on a stand basis 
has helped refine hazard rating of lodgepole pine stands 
in the Forest Service Northern Region. 
The Insect and Disease Damage Survey Model 
(INDIOS) (Bousfield 1981) and our Rate of Loss Model 
were tested using approximately 1.200 stands with 
mountain pine beetle infestations ranging from 1 year to 
the end of the epidemic (McGregor and others 1982.) The 
INDIOS Model is used to analyze forest insect and 
disease data collected from variable or fixed plots. It 
uses summaries of detailed mensurational data of in-
fested and residual green stands-a tree species. size 
class. and damage class for each designated survey type. 
Use of INDIOS Model results in computations of tree 
and volume loss and basal area killed per acre (Dilworth 
and Bell 1968). 
The Rate of Loss Model was integrated with the 
INDIOS Model to estimate mortality trends for infested 
stands or to obtain loss estimates (tree. cubic. and board 
foot volume) by diameter class over infestation time for 
green stands. should they become infested (table..o). 
AVAILABLE 
~ 
N 
/2. 
Table 5. - Estimated trees/acre and volume loss by diameter class over I me uSing the rate of spread for mountain pine beetle model 
for lodgepole pine 
TIA 
Mort. 
CFA 
a. Mixed spec ies stand: 25.4 percent alpine fir, 12.4 percent Engelmann spruce, 12.4 percent whitebark pine, 37.3 percen t 
lodgepole pine. 12.4 pgrcenl Douglas·fir 
FLATHEAD NAT IONAL FOREST 710 07781 710 
HOL~lTAIN PU lE BEETLF. '10nI:L r')~ LOD(:EPOLE PUlE 
LODGEPOLE PINE TREES PER ACRE AND CUBIC FEET VOLUME BEFORE M>oI OUTBREAK 
0- 2. 9 3-4.9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16.9 17-18 . 9 19+ 
. 00 .00 . 00 .00 .00 31.85 31. 37 .00 9.32 . 00 
.00 .00 .00 .00 .00 1.12 1. 57 . 00 1.40 .00 
.00 . 00 .00 . 00 .00 691. 56 943.91 . 00 457.15 .00 
TREES PER ACRE LOSS DURING 10-YEAR OUTBREAK 
Total 
72.54 
4.09 
2,092.62 
0-2.9 3-4.9 5-6.9 7-8 .9 9-10.9 11-1 2 . 9 13-14 . 9 15-16 -9 
Year GT Mort GT Mort GT ~lort GT ~tort GT Mort GT Mort CoT Mort GT Mort 
1 .0 .00 .0 .00 .0 .00 .0 . 00 . 0 .00 27 .6 3.12 18.7 11.10 .0 .00 
2 .0 .00 . 0 .00 .0 .00 .0 .00 . 0 .00 20 .5 7.12 .7 18.01 .f) .00 
3 .0 .00 .0 .00 .0 .00 . 0 .00 .0 .00 10.4 10.09 .0 .69 .0 .00 
4 .0 .00 .0 .00 .0 .00 . 0 .00 .0 .00 4 .0 6.42 .0 .00 . 0 .00 
5 .0 .00 .0 .00 .0 .00 .0 . 00 .0 .00 2 .1 1.82 .0 .00 .0 .00 
6 .0 .00 .0 .00 . 0 .00 .0 .00 .0 .00 1.8 . 34 . 0 . 00 .0 .00 
7 .0 .00 .0 .00 .0 .00 .0 . 00 .0 .00 1.7 .06 .0 .00 .0 .00 
8 .0 .00 .0 .00 .0 .00 .0 .00 .0 .00 1.7 .01 .0 .00 .0 .00 
9 .0 .00 .0 .00 .0 .00 .0 .00 .0 .00 1.7 .00 .0 .00 .0 .00 
10 .0 .00 .0 .00 .0 .00 .0 .00 .0 . 00 1.7 .00 .0 .00 .0 .00 
LODGEPOLE PINE TREES PER ACRE AND CFV AFTER AN OUTBREAK 
0-2 . 9 3-4.9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16.9 17-18.9 19+ Total 
TIA .00 .00 .00 .00 . 00 1. 74 .00 .00 . 00 .00 1. 74 
CFA .00 .on .00 .00 .00 37.72 . 08 . 00 .00 .00 37.80 
Attack Unsec LP Total Percent 
.00 .00 56.54 . 00 
Attack CFh Unsec CFA LPCFV Total Percent CFV 
.00 . 00 1,608 . 99 .00 
• r J 
," , - :J 
: ~ ;) 
(:.- ,'.; 
c....: .. ~ 
17-18.9 19+ 
~ :--:1 
'" J &eo • 
. , 
• > 
GT Mort GT Mort ~-,. 
or_ 
1.4 6.~5 .0 .00 
. 0 1.37 .0 .00 jl;~ . 
.0 .00 .0 .00 -, - , ... 
.0 .00 .0 .00 •. "! 
.0 .00 .0 .00 - :ell F'" 
.0 .00 .0 .00 ~ 
.0 .00 .0 .00 .-
.0 .00 .0 .00 F" 
.0 .00 .0 .00 M 
.0 .00 .0 .00 
% Mortality 
97.6 
98.2 
Table 5.- con. 
b. Mi::ed species stand: 15 percent lodgepole pine: 85 percent Douglas·fir, subalpine fir, Engelmann spruce 
FLATHEAD NATIONAL FOREST 734 07791 734 
MOUNTAIN PINE BEETLE MODEL FOR LODGEPOLE PINE 
LODGEPOLE PINE TREES PER ACRE AND CUBIC FEET VOLUME BEFORE AN OUTBREAK 
0-Z.9 3-4.9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16 . 9 17-18 . 9 19+ Total 
TIA .00 .00 .00 .00 6.9l .00 11.46 .00 .00 .00 18.38 
Mort .00 .00 .00 .00 .14 . 00 .57 .00 .00 .00 .72 
d 
CFA .00 .00 .00 .00 143.42 .00 323.26 .00 .00 .00 466.68 r-':'-J ~?J 
-ca 
TREES PER ACRE LOSS DURING 10-YEAR OUTBREAK 
-;; 
0-2.9 3-4.9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16.9 17-18.9 19+ (, '. 
~.';;' 
Year GT Mort GT Mort GT Mort GT Mort GT Hort GT Mort GT Mort GT Mort GT Mort GT Mort t' : . ..,., 
""" :3 ~l·~ 
1 .0 .00 .0 .00 .0 .00 .0 .00 6.7 . 03 . 0 .00 9.2 1. 70 .0 .00 . 0 .00 .0 .00 rR'1 
2 .0 .00 .0 .00 . 0 .00 .0 .00 6.7 . 01 .0 .00 5.5 3.65 .0 .00 .0 .00 .0 .00 ~;JIt 
3 .0 .00 .0 .00 . 0 .00 .0 .00 6.7 .00 . 0 .00 1.9 3.66 .0 .01 .0 .00 .0 .00 c;"-i 
4 .0 .00 .0 .00 .0 . 00 . 0 .00 6 . 7 .00 .0 .00 .6 1. 24 .0 .OU .0 . 00 .0 .00 
5 .0 .00 . 0 .00 .0 .00 .0 .00 6.7 . 00 .0 .00 .4 . 19 .0 .00 . 0 .00 .0 .00 :&'.:a 
6 .0 .00 .0 .00 .0 .00 .0 .00 6.7 .00 .0 .00 .4 .02 .0 .00 .0 . 00 .0 .00 
7 .0 .00 .0 .00 .0 .00 .0 . 00 6.7 .00 .0 .00 .4 .00 .0 .00 .0 . 00 .0 .00 
8 . 0 .00 .0 .00 .0 .00 .0 .00 6.7 .00 .0 .00 . 4 .00 .0 . 00 .0 .00 .0 .00 
---9 . 0 .00 .0 .00 . 0 .00 .0 .00 6.7 .00 .0 .00 .4 .00 .0 .00 .0 .00 .0 .00 :=. 10 .0 .00 .0 . 00 .0 .00 .0 .00 6.7 .00 .0 . 00 .4 .00 . 0 .00 .0 .00 .0 .00 
= 
LODGEPOLE PINE TREES PER ACRE AND CFV AFTER AN OUTBREAK r-,.., 
0-2.9 3-4 . 9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16.9 17-18.9 19+ Total % Mortality 
TIA .00 .00 .00 .00 6.73 .00 .41 .00 .00 .00 7.13 61. 2 
CFA . 00 .00 .00 . 00 139.53 .00 11.51 .00 .00 .00 151. 04 67.6 
Attack Unsec LP Total Percent 
.00 .00 10.45 .00 
At t ack CFA Unsec CFA LPCFV Total Percent CFV 
.00 .00 .242.77 .00 
13 
Table 5.- con. 
c. Mixed species stand: 65 percent alpine fir, 29 percent Engelmann spruce, and 6 percent lodgepole pine 
GALLATIN NATIONAL FOREST 611 05049 611 
MOUNTAU' PINE BEETLE HODEL FOR LODGEPOLE PINE 
LODGEPOLE PINE TREES PER ACRE AND CUBIC FEET VOLUNE BEFORE AN OUTBREAK 
0-2 .9 3-4.9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16 . 9 17-18.9 19+ Total 
T/A .00 60 . 00 33.67 176.07 30 . 58 49.86 14 .09 12.30 .00 4.11 380.68 
Mort .00 .00 .13 2 . 25 . 63 l. 76 .70 l. 76 . 00 .62 7.85 
CFA . 00 . 00 149 . 92 1,452 .10 417.93 1,27l.31 455.69 495.95 .00 247 . 44 4,490.34 ~ 
FA 
TREES PER ACRE LOSS DURING 10-YEAR OUTBREAK ~ 
--t 
0- 2.9 3-4 . 9 5- 6 . 9 7-8.9 9-10.9 11-12.9 13-14 .9 15-16.9 17-18.9 19+ 
= Year GT Mort GT Mort GT Mort GT Mort GT Mort GT Mort GT Mort GT Mort GT Mort GT Mort e 
.-
C;- • 
• 1 . 0 .00 60.0 . 00 33.5 .03 166 . 8 6 . 97 29.3 .66 40.7 7.44 10.9 2.53 l.3 9.20 . 0 .00 1.6 1. 88 e: 
2 .0 .00 60.0 . 00 33.5 . 01 147 . 0 19 . 85 28.6 .69 20.0 20.66 5.1 5.73 .0 1. 34 .0 . 00 .2 l.46 :i: 3 .0 .00 60.0 .00 33.5 .00 102.5 44.49 27.9 .69 2.8 17 . 22 . 9 4.19 .0 .00 . 0 .00 . 0 .13 IYI 4 .0 . 00 60.0 .00 33.5 .00 45 . 7 56.82 27.2 .68 .5 2.25 . 3 .66 .0 .00 . 0 .00 .0 .00 Z 5 .0 .00 60.0 .00 33 . 5 . 00 16 . 3 29 . 41 26.6 .65 .4 .10 . 2 . 05 .0 .00 .0 .00 . 0 . 00 
-I 6 .0 .00 60.0 .00 33 . 5 .00 9.5 6.74 26.0 .61 .4 .00 . 2 .00 .0 .00 .0 . 00 . 0 . 00 
7 .0 .00 60.0 . 00 33.5 .00 8.4 l.10 25.4 .56 .4 .00 . 2 .00 .0 .00 .0 .00 . 0 . 00 ~ 8 .0 .00 60.0 .00 33.5 .00 8.3 .17 24.9 .50 . 4 .00 .2 . 00 .0 .00 .0 .00 .0 .00 
9 .0 .00 60.0 .00 33 . 5 . 00 8.2 . 03 24.5 .44 .4 .00 .2 . 00 .0 .00 .0 .00 .0 . 00 c:: 
10 .0 .00 60.0 .00 33.5 .00 8 . 2 .00 24.1 . 38 . 4 . 00 .2 .00 .0 . 00 .0 .00 .0 .00 :z:. 
-r-LODGEPOLE PINE TREES PER ACRE AND CFV AFTER AN OUTBREAK :z::-
0-2 . 9 3-4 . 9 5- 6.9 7-8 . 9 9-10.9 11-12.9 13-14.9 15-16 . 9 17-18.9 19+ Total % Mo rtality = r-
T/A .00 60 . 00 33 . 51 8.25 24.10 . 43 .22 .00 .00 . 02 126 . 52 66 . 8 
'" 
CFA .00 .00 149.19 68.01 329 . 32 10.98 7.02 .00 .00 l. 25 56 .) . 76 87.4 
Attack Unsec LP Total Percent 
.00 . 00 190.20 . 00 
Att ac k CFA Unsec CFA LPCFV Total Pe rcent CFV 
. 00 .00 2,256.65 .00 
Table 5.- con. 
d. Mixed species stand: 10 percent alpine fir, 77. 1 percent lodgepJ/e pine, 12.6 percent Douglas·fir 
GALLATIN NF 709 02014 709 
MOUNTAIN PINE BEETLE MODEL FOR LODGEPOLE PINE 
LODGEPOLE PINE TREES PER ACRE AND CUBIC FT. VOLUME BEFORE AN OUTBREAK 
0-2 . 9 3-4.9 5-6 .9 7-8.9 9-10.9 11-12.9 13-14.9 15-16.9 17- 18.9 19+ TOTAL 
TIA 94.74 . 00 72.32 99.93 48.68 34.83 14.25 3. 28 1.14 1. 65 370.82 
~IORT . .00 . 00 11. 47 18. /2 11. 95 14 . 48 5. 89 .47 1.14 1.65 65.77 ~ 
CFA .00 . 00 303.49 925.85 775.39 755.39 435.55 137 . 38 75.42 141.69 3,550.61 !?'f'l ~ 
TREES PER ACRES LOSS DURING 10- YEAR OUTBREAK --I 
0-2.9 3-4.9 5-6.9 7-8 . 9 9-10.9 11-12.9 13-14 . 9 15-16.9 17-18.9 19+ ~ ~ 
Year GT Mort. GT Hort. GT Mort. GT Mort. GT Mort . GT Mort . GT Mort. GT Mort. GT Mort. GT Mort. e ) 
r. :DI 
' =>1:11 
1 94 . 7 .00 .0 .00 56.5 4.39 57.8 23. 41 24.0 12.73 5.1 15.24 1.5 6.91 1.6 1.19 .0 .00 . 0 .00 :;'~.;:J ~. 
.- 2 94 . 7 .00 .0 .00 54 . 9 1.59 37.1:S 20.02 15 . 2 8.75 1.2 3.92 . 2 1. 27 .4 1. 22 .0 .00 . 0 .00 r. "i U'I 3 94.7 .00 . 0 .00 54.3 . 57 26.3 11. 52 11. 2 4.09 .8 . 37 .1 .06 . 1 . 31 .0 . 00 .0 .00 Z 4 94 . 7 . 00 . 0 .00 54.1 . 20 21. 3 4.96 9.7 1. 51 .8 . 03 .1 . 00 . 1 .03 . 0 . 00 .0 . 00 ..,.... 
5 94.7 .00 .0 .00 54.0 .07 19.5 1. 84 9.1 .51 .8 .00 .1 .00 .1 .00 .0 .00 .0 .00 
6 94.7 . 00 .0 .00 54.0 .02 18.8 .64 9.0 . 16 .8 . 00 .1 . 00 .1 .00 . 0 . 00 .0 .00 ~ 7 94.7 .00 .0 .00 54.0 . 01 18.6 . 22 8.9 .05 .8 .00 .1 .00 .1 .00 . 0 .00 . 0 .00 
-== 8 94.7 .00 . 0 .00 54.0 .00 18.5 . 07 8.9 .02 .8 . 00 .1 . 00 .1 .00 .0 . 00 . 0 .00 9 94 . 7 .00 .0 . 00 54.0 . 00 18.5 . 02 8.9 .01 .8 .00 . 1 .00 .1 .00 .0 . 00 . 0 .00 b 
-10 94 . 7 . 00 .0 . 00 54.0 .00 18.5 .01 8.9 . 00 . 8 .00 .1 .00 . 1 .00 . 0 .00 .0 .00 c--
:1:::1 
LODGEPOLE PINE TREES PER ACRES AND CFV AFTER AN OUTBREAK m 
r-
0-2.9 3-4 . 9 5-6 . 9 7-8.9 9-10.9 11-12 . 9 13-14.9 15-16.9 17-18 . 9 19+ TOTAL %. MORTALITY 
"' TIA 94 . 74 .00 53.99 18 . 51 8 . 91 . 79 .13 .06 . 00 . 00 177 . 13 52.2 
CFA . 00 .00 226.57 171.48 138.38 17.61 3. 85 2.70 .00 .00 560 . 49 84.2 
ATTACK UNSEC LP TOTAL PERCENT 
65.31 .00 161. 67 40.39 
ATTACK CFA UNSEC CFA LPCFV TOT . PERCENT CFV 
1118.04 . 00 1709.80 65.39 
/5' 
~ 
a> 
. ' . I~ 
• . ... - " I 
1Ablc.5.~Con . 
T/A 
Nolt1. 
CFA 
Year 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
. e. Mixed species stand: 28,6 percent alpine fir, 0.2 percent whitebark pine, 60.6 percent lodgepole pine, 10.6 percent 
C >uglas·fir 
GALLATIN NF 709 02012 709 
MOUNTAIN PINE BEETLE HODEL FOR LODGEPOLE PINE 
LODGEPOLE PINE '.'REES PER ACRE AND CUBIC Fr. VOLUME BEFOR~ AN OUTBREAK 
0-2.9 3-4.9 5-6.9 7-8.9 9- 10.9 11-12.9 13-14.9 15-16.9 17-18 . 9 
245.45 . 00 16 . 28 8.81 59.05 24.13 3. 95 . 00 .00 
.00 .00 .06 8.81 26.13 9.93 . 20 .00 . 00 
.00 .00 57.19 78.37 840.12 501.31 94.03 .00 .00 
TREES PER ACRES LOSS DURING la-YEAR OUTBREAK 
0-2.9 3- 4. 9 5-6.9 7-8 . 9 9-10 .9 11-12.9 13-14 . 9 
GT Hort. GT Nort- GT Hort- GT Mort . Ll' Mort. GT Mort . GT Mort. 
245.5 .00 .0 .00 16.2 .01 .0 .00 13.0 19 . 94 5.5 8.69 3. 5 .21 
245.5 .00 .0 .00 16.2 ' . 00 .0 . 00 6.4 6.60 2.4 3.10 3.3 . 22 
245.5 . 00 .0 .00 16.2 .00 .0 .00 5. 0 1. 34 1.8 . 62 3.1 .21 
245 . 5 .00 .0 .00 16.2 . 00 . 0 .00 4.8 .23 1.7 .10 2 . 9 .19 
245.5 .00 .0 .00 16.2 .00 .0 .00 4.8 .04 1.7 . 02 2.8 . 16 
245.5 .00 .0 .00 16.2 . 00 .0 .00 4 . 8 .01 1.7 . 00 2.6 .13 
245.5 .00 .0 . 00 16.2 .00 . 0 .00 4.8 .00 1.7 .00 2.5 .10 
245.5 .00 .0 .00 16.2 .00 . 0 .00 4.8 .00 1.7 .00 2 . 5 .07 
245.5 .00 .0 .00 16.2 .00 .0 .00 4.8 .00 1.7 .00 2. 4 .05 
2ft 5 . 5 .00 .0 .00 16.2 .00 .0 .00 4.8 .00 1.7 .00 2.4 .04 
LODGEPOLE PINE TRE~: S PER ACRES AND CFV AFTER AN OUTBREAK 
19+ TOTAL 
.00 357.66 
.00 45 . 13 
.00 1,571.02 
15-16.9 
GT ~Iort. 
.0 .00 
.0 .00 
.0 . 00 
.0 .00 
.0 .00 
. 0 .00 
. 0 .00 
. 0 . 00 
.0 .00 
. 0 .00 
0-2.9 3-4.9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16 . 9 17-18.9 19+ TOTAL 
TIA 245.5 . 00 16.21 .00 4. 76 1. 67 2.38 .00 . 00 .00 270.47 
CFA .00 .00 56.94 .00 67.68 34.60 56.78 . 00 .00 .00 216.01 
ATTACK UNSEC LP TOTAL PERCENT 
44.87 .00 278.91 16.09 
ATTACK (FA UNSEC CFA LPCFV TOT. PERCENT CFV 
710 . 12 .00 1,247.91 56.90 
10 . 
17-18.9 19+ t 
GT 
.0 
. 0 
. 0 
. 0 
. 0 
.0 
. 0 
. 0 
. 0 
. 0 
Mort . 
. 00 
.00 
. 00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
GT Mor t. 
. 0 
.0 
. 0 
.0 
.0 
.0 
.0 
. 0 
.0 
.0 
.00 
.00 
. 00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
7. MORTALITY 
24.6 
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Table 5.- con. 
f. Pure lodgepole pine stand 
FLATHEAD NF 747 05573 747 
HOUNTAIN PINE BEETLE ~!ODEL FOR LODGEPOLE PINE 
LCilGEPOLE PI NE TREES PER ACRE AND CUBIC FT . VOLUME B~FORE AN OUTBREAK 
0- 2. 9 3-4.9 5-6.9 7-8.9 9-10 .9 11-12.9 13-14 . 9 15-16.9 17-18 .9 19+ TOTAL 
TIA 85.71 300.00 141 . 46 48.95 22.59 .00 .00 8.35 .00 . 00 607 . 07 c::a 
~IORT . .00 .00 .54 .63 .47 . 00 .00 1.19 .00 .00 2 . 82 
,.., 
en 
':FA .00 .00 484 . 47 459.73 301. 62 . 00 .00 258.85 .00 .00 1,504.67 -I 
TREES PER ACRES LOSS DURING 10-YEAR OUTBREAK = 
= 0-2.9 3-4.9 5-6 .9 7-8.9 9-10 . 9 11-12.9 13-14.9 15-16.9 17-18.9 19+ n 
= Year GT ~lort . GT Hort . GT ~lort. GT ~lort . GT Hort. GT Hort . GT Mort. GT Mort. GT Mort. GT Mort. 
== 
..... 
FI'I
-...j 1 85.7 .00 300 .0 .00 140.4 . 49 47 . 8 .55 21. 8 .36 .0 .00 .0 .00 1.8 5.39 .0 .00 .0 .00 Z 2 85.7 .00 300.0 .00 140.0 .45 47.3 .47 2!..5 .28 . 0 .00 .0 . 00 .0 1. 76 . 0 .00 .0 .00 
..... 3 85.7 .00 300.0 .00 139.6 . 41 46 . 9 .40 21. 3 .21 .0 .00 .0 .00 . 0 .00 . 0 .00 .0 .00 
4 85.7 .00 300.0 .00 139.2 .37 46 . 6 .34 21.1 .16 .0 .00 .0 . 00 . 0 .00 . 0 .00 .0 .00 :z:. 5 85.7 .00 300.0 . 00 138.9 .34 46 . 3 . 29 21.0 .12 .0 .00 .0 .00 .0 .00 . 0 .00 .0 . 00 ;; 6 85 . 7 .00 300.0 .00 138.6 .31 46.0 .24 20.9 .09 .0 .00 .0 .00 .0 .00 . 0 .00 .0 .00 
7 85 . 7 . 00 300.0 .00 138.3 . 28 45 . 8 .20 20 . 8 .07 .0 .00 .0 . 00 . 0 .00 . 0 .00 .0 .00 
-8 85.7 .00 300.0 .00 138.0 .25 45 . 7 .17 20 . 8 . 05 .0 .00 .0 .00 .0 .00 . 0 .00 .0 .00 r-
9 85.7 .00 300 . 0 .00 137 . 8 .22 45.5 . 14 20.7 .04 .0 . 00 .0 .00 . 0 .00 .0 .00 .0 .00 :z:-
10 85.7 . 00 300.0 .00 137.6 . 20 45.4 . 11 20.7 . 03 .0 .00 . 0 . 00 .0 .00 .0 . 00 .0 .00 
= r-
LODGEPOLE PINE TREES PER ACRES AND CFV AFTER AN OUTBREAK 
'" 0-2 .9 3-4.9 5-6.9 7-8.9 9-10.9 11-12.9 13-14.9 15-16.9 17-18.9 19+ TOTAL % MORTALITY 
TIA 85.71 300.00 137.60 45.40 20.72 .00 . 00 . 00 .00 .00 589.43 2.9 
CFA . 00 . 00 471. 24 426.41 276 . 58 .00 .00 .01 .00 .00 1,174 . 25 22.0 
ATTACK UNSEC LP TOTAL PERCENT 
.00 .00 559 .90 .00 
ATTACK CFA UNSEC CFA LPCFV TOT. PERCENT CFV 
. 00 .00 1,375.11 .00 
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Figure 6. -Predicted lodgepole pine trees and volume loss from mountain 
pine beet'e by habitat type o'ler time for Madison Ranger District, 
Beaverhead National Forest. and Hebgen Lake Ranger D;str;c t. Gal/atin 
National Fores t, Mont. 
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Figure 6.-(con.) 
Stand data were then subjected to anaJysis of variance 
and analysis of covariance for completely randomized 
design and graphed to show lodgepole pine mortality by 
habitat type over time lfig. 6). Analysis shows that the 
percentage of lodgepole pine killed and volume loss vary 
by habi tat type. 
In some habitat types. tree mortality increased rapidly 
and most susceptible trees and all volume are killed in a 
relatively short timt! (fig. 6; ABLA/VASC-VASC. 
ABLA/ALSI). In others. mortaJity may occur over a 
10·year period and never exceed 30 percent of the stand 
(fig. 6. ABLAICARU. ABLAILIBO-LIBOI. All suscepti-
ble trees may be killed in other habitat types. but it 
may require 8 to 10 years. These data provide guidance 
as to which stands within those classed as high hazard 
should receive priority management. For example. 
management may be postponed until the next decade if 
stand mortaJity does not exceed 20 to 30 percent over a 
lO·year period. Meanwhile. st ands can be rated and 
management implemented in the s tands containing 
habitat types where considerable tree mortality or 
volume loss is predicted to occur over a short time. By 
putting the higher risk stands under management. loss 
would probably be prevented in some high-, many 
moderate-. and many low-risk stand<l. 
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INTEGRATION WITH FORPLAN 
.. ,. 
The Forest Service currently uses FORPLAN, a linear 
programing model (Johnson and uthers 1980). for land 
management planning which is the basis for land use 
allocations and scheduling of management activities. The 
management activities and associated products, costs. 
and environmental effects used in FORPLA N are 
renected in prescriptions for stands within analysis 
areas. In the Forest Service Northern Region, analysis 
areas are lands that meet certain common classi fication 
criteria; these lands are not usually contiguous. 
Classification criteria include habitat type. timber size 
class. slope class. and other characteristics. Prescriptions 
describe specific management practices used to manage 
specific stands. 
One approach to modeling tree mortality caused by 
the mountain pine beetle using FORPLAN has been to 
predict susceptible areas within analysis areas and prob· 
able mortality over two decades. Although it might be 
possible to predict rate of loss caused by the beetles 
throughout a forest. this information would be of little 
value for adjusting yield tables if the locations of high·, 
moderate-. and low·risk stands are not identified within 
analysis areas. The FORPLAN model would spread bark 
BEST DOCUMENT AVAILABLE 
beetle effects over t he next two decades for aU Hands 
within analysis areas. which would not allow scheduling 
earlier harvest of stands with a high probability of in-
festation and mortality. 
Another approach is recommended when the location 
of s Lands within analysis areas is identified through 
timber surveys or stand examinations. Beetle attack 
may then be simulated by a " prescription" that s hows 
the effec ts of an epidemic in the absence of timber 
management. If other management practices were not 
implemented. it would be necessary to constrain t he bee-
tle "prescription" by assignment ta a certain acreage. 
Thus there would be two prescriptions- one for some 
stands in parts of the analysis area with infestation. and 
one for other parts with no effects of infestation. 
Stands in t he Helena National Forest were analyzed in 
a FORPLAN -un by grouping habitat types so mortality 
factors could ~e directly applied to yield t ables. A pro-
cedure was J.dopted and used to adjust yield tables based 
on t"" n Jefficients developed for the Helena National 
Forest plan (Brohman and others 19821. Coefficients 
were IJased on the assumption that a 50 percent loss of 
lodgepole pine would occur over a 5·year period. The 
estimated loss as a percentage of volume by age classes 
was determined as shown: 
where 
Y,' = Y I n - If. 1.1 
Y ,' = Y'l (1 - '/4 L) 
Y, ' = Y, II - LI. j .? 3 
L = proportion of volume los t to beetles ISO percent = 0.501. 
YJ = tabular volume for decade j of the plan. and 
VJ ' = adj usted volume expect.ed to exist in decade j . 
Such coefficients must be derived for each habitat 
type or habitat type group to be applicable to the model. 
Decade I. 2. or 3 of the Forest Plan may correspond to 
different decades in the yield table for different stands 
20 
or habitat type groups within analysis areas. For exam· 
pie. if groups of stands are 105 years old. then Y, is the 
tabular yield shown at 110 years 125 perce:1t loss by 
year 5). If the current age is 165 years. then Y I is the 
tabular yield shown for l70 yurs 125 percent loss by 
year 5. and 75 percent loss by year 10 at 175 years). The 
graphs in figure 7 were developed using this approach 
and the INDIOS/Rate of Loss Model for the Helena Na· 
tional Forest in the absence of beetle attack. The factor 
or proportionality is 11 - LI . t he !iroportion of stand 
volume not killed. 
That the predicted result .. graphed in figll!'e 7 will ac· 
tually happen is questionable. Beetle-induced mortality 
will reduce competition for trees that are not att acked. 
However. trees not susceptible to bark beetle attack are 
usually smaller and less vigorous. These trees will pro-
bably respond to a decrease in competition. But amount 
of response will depend on tree age and various site fac· 
tors. We do not know at what rate the remaining live 
stand will grow compared to what it would have done 
without attack. 
The (inal step in the FORPLAN run for the Helena 
National Forest plan was to adjust existing yield tables 
by the appropriate coefficient for each habitat type 
group. Regenerated stand tables were not adjusted. 
because management should prevent mountain pine bee-
tle outbreaks over a rotation. The assumption that the 
beetle will infest susceptible stands throughout the 
National Forest in the next 20 years may not be totally 
correct. but it seems probable based on available infor· 
mation. By including coefficients in the yield tables. the 
FORPLAN model should show which highly susceptible 
lodgepole stands need immediate harvesting. ~nd which 
stands should be harvested before becoming highly 
susceptible. By using assessment.s from FORPLAN and 
harvesting in high· hazard. susceptible stands before an 
epidemic develops. land managers shouJd be able to 
minimize tree mortality caused by the beetle. 
··r ...... . 
" r 
.. l 
" r 
BEST DOCUMENT AVAILABLE 
y-I " .. ·. HIo,. •• • ~ ..... ~ 
y_1 !1: '" n ... . .,.~ .... 
.-. "n"7"'" " ""Sf;. 
,--.".II·O . ,. 'd •• ,....,,( 
' ,~ .. . -
. -. ,,~ ••• un_,!IIn''''''' ,c.u • 
• - •. l.~I . ""._'co::Il. ... -... 
·-.,·.··._.,.IO(SI •• ·.'~., 
; . . r ........ ::=!il!!:!mr:; €~"-" 
l ·· t 
•• !. ~ 
:j .......... ~
~ .. ~~.~.~.~~ ----
~ II ~ 
. -
~ '.' 
i'" 
i'" 
• I r , • 
Figure 7.- Projected tree and votume toss from mountain pine beetle for 
lodgepole p ine habitat type groups within dry fir. cool slopes. and mesic 
sites on the Helena Nat/onal Forest. 
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Forest managers have less than a 50 percent chance of growing lodgepole 
Rine to 16- inch diame.ters. in unmanaged stand~ because of recurrent depreda-
tion from the mountain pine beetle. Hazard rating methods provide techniques 
for managers to identify susceptible stands. The Rate of Loss Model ref ines ex-
isting risk r~ting systems, and provides a method for predicting. tree and volu me 
I?SS by habitat ~ypes . Th,ls model Is provided to assist land managers in projec-
ting tree mortality over time, and as a link with the FORPLAN Model for use in 
forest planning, 
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